Awareness during general anaesthesia in patients undergoing Caesarean section may be a harrowing experience [1] . The incidence of awareness during Caesarean section is high during thiopentonenitrous oxide-oxygen anaesthesia [2] . The addition of 0.5 % halothane has been suggested to decrease the incidence of awareness [3, 4] . We have examined the incidence of awareness in patients undergoing Caesarean section, compared with other techniques of general anaesthesia.
Awareness during general anaesthesia in patients undergoing Caesarean section may be a harrowing experience [1] . The incidence of awareness during Caesarean section is high during thiopentonenitrous oxide-oxygen anaesthesia [2] . The addition of 0.5 % halothane has been suggested to decrease the incidence of awareness [3, 4] . We have examined the incidence of awareness in patients undergoing Caesarean section, compared with other techniques of general anaesthesia.
PATIENTS AND METHODS
We studied 50 full-term healthy patients undergoing elective Caesarean section (mean age 31 (SD 4.9) yr, mean weight 71 (SD 8.3) kg). Patients with a history of hypertension or preeclampsia and those with signs of fetal abnormality or distress were excluded from the study.
The 50 patients were allocated randomly to five equal groups. In group I, anaesthesia was induced with thiopentone 4 mg kg" 1 , followed by suxamethonium l.Smgkg" 1 and tracheal intubation. Anaesthesia was supplemented during the induction-delivery time (7.6 (1.4) min) with 50% nitrous oxide and 0.5 % halothane in oxygen. In group II, anaesthesia was induced with thiopentone 4 mg kg" 1 and suxamethonium 1.5 mg kg" 1 , and supplemented during the inductiondelivery time (7.0 (1.2) min) with 1 % halothane in oxygen. In group III, anaesthesia was induced with ketamine l.Smgkg" 1 and suxamethonium l.Smgkg" 1 , and was supplemented during the induction-delivery time nitrous oxide and 0.5 % halothane in oxygen. In group IV, anaesthesia was induced with ketamine 1.5 mg kg" 1 and suxamethonium 1.5 mg kg"
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, and was supplemented during the induction-delivery time (6.6 (1.9) min) with 1 % halothane in oxygen. In group V, anaesthesia was induced with ketamine 1.5 mg kg" 1 and suxamethonium 1.5 mg kg" 1 , and the patients underwent ventilation during the induction-delivery time (7.4 (2.7) min) with 100% oxygen without any inhalation anaesthetic supplementation.
All patients were premedicated with glycopyrrolate 0.2 mg i.m. 45 min before surgery. In the operating room, the patient was positioned on the operating table with a left lateral tilt of approximately 15°. An i.v. infusion of lactated Ringer's solution was started for fluid and drug administration. Preoxygenation was undertaken with 100% oxygen by facemask.
In all patients, the calculated induction dose of thiopentone (4 mg kg" 1 ) or ketamine (1.5 mg kg" 1 ) was injected rapidly into the i.v. infusion. The patient was then asked to count out aloud or to answer simple questions. When the patient had obviously lost consciousness, suxamethonium 1.5 mg kg" 1 was given i.v. and the trachea intubated. The interval from the time of injection of the induction agent to administration of suxamethonium was 30-45 s in the thiopentone groups, and 45-90 s in the ketamine groups. Following tracheal intubation, the lungs were ventilated during the induction-delivery period, according to the assigned regimen. After delivery, an arterial blood sample was taken for blood-gas analysis, and anaesthesia was maintained in all patients using 66 % nitrous oxide in oxygen, supplemented by fentanyl 3 ug kg" 1 and alcuronium 0.25 mg kg"
1 . Awareness following induction of anaesthesia was detected using the isolated forearm technique [5] . The test was explained clearly to patients before induction. After unconsciousness was produced by ketamine or thiopentone and before suxamethonium was injected, a tourniquet was inflated rapidly to 250 mm Hg in order to maintain motor power in the isolated arm. Following tracheal intubation, the patient's right hand was clasped by the anaesthetist and the patient was asked to squeeze and relax her hand three times successively. The time from injection of the induction agent and testing for awareness was 2-3 min. The test was repeated at 1-min intervals until the baby was delivered. Because hand movement may occur spontaneously or as a response to surgical stimulation, the test was considered positive only if the patient squeezed and relaxed her hand according to instructions.
In all patients, systemic arterial pressure and heart rate were measured before induction, 1 min after induction and before delivery. Immediately after delivery of the baby, blood samples were taken from the radial artery of the mother and umbilical vein of the newborn. Apgar score of the newborn was assessed at 1 and 5 min. Approximate blood loss was estimated in each patient by measuring the amount of blood in the suction bottle and on surgical pads. Following recovery from anaesthesia, and on the next day, the patients were interviewed to assess recall, dreams and hallucinations.
All data (except the frequency data) are means (SD). Frequency data among different groups were compared by Chi-square tests. Analysis of variance (ANOVA) was used to compare data between different groups, and Student's t test was used to compare data within the same group. P < 0.05 was considered significant.
RESULTS
Awareness was significantly higher after induction with thiopentone (group I and II) than after ketamine (group III-V) (P < 0.05) (table I). The test was positive in 14 of the 20 patients in the thiopentone group. In contrast, only four of the 30 patients in the ketamine group had a positive test. However, the frequencies of recall, dreams and hallucinations were not different. Two of the 20 thiopentone patients had recall, confined to the time of delivery. In the ketamine groups, no patient had recall, but one patient reported pleasant dreams and a second, hallucination.
Control arterial pressure and heart rate before induction were not significantly different between groups (table II) . Following induction of anaesthesia and tracheal intubation, heart rate and arterial pressure increased in all groups (P < 0.05). The increase in pressure following induction was significantly higher after induction with ketamine than after thiopentone (P < 0.05) (table II) .
Apgar scores of the newborns at 1 min and 5 min were not significantly different among the different groups. None of the newborns needed any unusual resuscitative measures, and all newborns scored more than 7 at 5 min (table III) . Umbilical vein Pco 2 was not significantly different between groups, and was always higher than the corresponding maternal Pco 2 (table IV) . Also, the umbilical vein Po 2 was not significantly different between the five groups, and was not significantly greater when the mother received 100% instead of 50% oxygen.
Uterine tone and bleeding were acceptable to the surgeon. There was no obvious difference in estimated blood loss between groups. Approximate blood loss was 563 (195) ml in group I, 495 (158) ml in group II, 685 (69) ml in group III, 485 (170) ml in group IV and 466 (146) ml in group V.
DISCUSSION
General anaesthesia for patients undergoing Caesarean section should ensure unconsciousness in the mother, while minimizing anaesthetic-related depression of the infant [4] . Induction with a sleep dose of thiopentone and maintenance with nitrous oxide in oxygen is associated with a high incidence of awareness [1, 2] . The addition of 0.5% halothane to supplement nitrous oxide in oxygen anaesthesia has been shown to prevent maternal awareness without adverse effects on the neonate [3, 4] . However, the present study using the isolated forearm technique has shown that the incidence of awareness following thiopentone induction is high, when anaesthesia is maintained with 50 % nitrous oxide and 0.5 % halothane in oxygen or with 1% halothane in 100% oxygen.
Crawford suggested that patients who show awareness rapidly after induction of anaesthesia may never have lost consciousness following administration of a "standard dose" of induction agent, and stressed that care be taken to ensure that the patient is unconscious before administration of a neuromuscular blocking drug [6] . In the present report, suxamethonium was administered only when the patient obviously lost consciousness following the injection of thiopentone or ketamine.
The high frequency of awareness in our study following a sleep dose of thiopentone may be attributed to its rapid redistribution, with rapid recovery of consciousness in the non-premedicated patients. However, only two of the 14 patients with awareness had recall of the intraoperative events. Recall was confined to the time of delivery. Awareness and recall are related only partly because awareness may occur without recall [7] . Awareness under general anaesthesia, even without recall, may result in postoperative neurosis marked by anxiety, irritability, repetitive nightmares and preoccupation with death [8, 9] .
In contrast with the thiopentone groups, awareness occurred in only four of the 30 patients in whom induction was with ketamine. Our results support earlier findings that ketamine 1.0 mg kg" 1 blocked maternal responsiveness to commands more effectively after anaesthetic induction for Caesarean section than did thiopentone 4 mg kg" 1 or a combination of thiopentone and ketamine in lower dose [10] . In our study, hallucinations were observed only in one patient of the ketamine group and a second patient reported pleasant dreams, suggesting that hallucinations and other related phenomena associated with ketamine may be low in obstetric patients.
In all groups, heart rate and arterial pressure increased moderately following induction of anaesthesia and tracheal intubation. The increase in pressure was significantly higher in patients who received ketamine than in the patients given thiopentone. This may be attributed to the sympathomimetic effect of ketamine [11] . Thus ketamine must not be used in patients with a history of hypertension or pre-eclampsia.
There was no significant difference in Apgar scores or umbilical vein blood-gas values of the newborns in the five groups. The umbilical vein Po 2 was not significantly greater in mothers receiving 100% oxygen compared with 50%. This finding supports our previous study which demonstrated that fetal Po 2 correlates with maternal Pa 0 , within the range 10.5-26.7 kPa, but does not increase further with additional increases in maternal Po 2 [12] . Although the use of 100% oxygen had no significant effect on umbilical vein Po 2 compared with 50 % oxygen in this study, the higher maternal FI OJ may be beneficial for a fetus suffering from intrauterine asphyxia [13] . Also, avoidance of nitrous oxide obviates its uptake by the fetus in utero [14] , and hence can prevent diffusion hypoxia in the newborn when it commences breathing [15] .
